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NHXXEHEPHbIN PACYET 3®®EKTUBHOCTY
COBMELWEHHbBIX CNCTEM OCBELWWEHNA
C ABTOMATUNYECKIM YTIPABJIEHVNEM

KaHg. ¢m3.-maT. Hayk KMPUMTEHKO A. U., acn. CTOBIMAK A. A.

MWUHCKWIA rocyapCTBEHHbIN BbICLUMIA aBUALMOHHBIN KONNEAK,
Y1 «HcTUTYT HUAMTUNC

Mpobnema aHeprocoepexkeHns B cuctemMax ocselleHns (CO) 4OCTaTOUHO ak-
Tya/lbHa Ha MPOTSXKEHUW AmMTenbHOro nepuoga [1]. OgHum 13 Hambonee ad-
(DEKTVBHbIX NyTel ee peLleHns SBNSETCH NPUMEHEHUE B CUCTEMAaX OCBELLEHWS
COBPEMEHHbIX BbICOKO3(MEKTUBHBLIX UCTOUHUKOB cBeTa (MC), 3n1eKTPOHHBIX
nyckoperynupytowmx annaparos (3MMPA), ceeToBbiX npuoopos (CI1) ¢ BbICoO-
kum KM npv wupokomacTabHOM 1CNob30BaHUM eCTECTBEHHOIO OCBELLEHNS
(EO) [2...4]. JocTnyb onTUManbHOTO pesysbTata TPYAHO 6e3 NpUMEHeHUs Cu-
CTEM aBTOMAaTWYECKOro PeryinpoBaHUs OcBeleHus. CumTaeTcs, 4YTO TaKoM
NOAXO0[ yCTapen: cneayet roBOpUTb O CUCTEMaX aBTOMAaTUYECKOro yrnpas/eHus
CBETOBbIM MOTOKOM, UMesi B BUAY YNpaBfieHWe CBETOBbIM MOTOKOM flamn W
ynpasneHne EO npexze BCEro B MPOU3BOACTBEHHbIX N a4MUHUCTPATUBHbIX MO-
Me-LLeHuaxX. B nuTepartype pacCMaTpyBaeTCsi MHOXECTBO KOHLLEMNLMA NocTpoe-
HUS TaKMX CUCTEM, MX (PYHKLMOHa/IbHbIE BO3MOXHOCTM, Pas/iNyHbIe CXEMHbIE
PeLLeHns, a TaKxKe OueHMBaeTca aPMeKTUBHOCTL. OfHAKO aHaIN3 MoKasblBaeT,
4TO eJMHOr0 KPUTEPUS OLEHKU 3(h(HEKTUBHOCTY MOKa He cyulecTByeT [5]. KoH-
cTpykTop CI pewaet npo6nemy 3th(heKTUBHOCTM MUCKYCCTBEHHOIrO OCBELLEeHUA
(N0O), T1. e. komnnekca CI, NC, IMPA; apxutektop — npobiemy apHeKTUBHO-
ctn EO (60nee NONHOIO MCMO/b30BaHNSA pecypca CBETOBOrO KmMmara); crneupa-
NMCTbI NO aBTOMATUKe — NPobieMy aPHPEKTUBHOCTA CUCTEMbI aBTOMATUHECKOTO
ynpasneHns oceelieHnem (CAYO), B KOTOPONM YYMTbIBAKOTCSA COBCTBEHHbIE
3HEpreTMYeCKue 3aTpaTbl, CPOK CyXO6bl 1 np.

HecmoTpsa Ha psag o4eBUAHbIX NMPUEMOB MOBbILLEHMS 3PEKTUBHOCTM OCBe-
LLeHWs, KOTOPbIe YacTO UIHOPMPYHOTCA Ha NPaKTUKe, NMOKa He U3BECTHbI UCCTe-
[0BaHVS yKaszaHHOM Npo6aeMbl NpU KOMIM/JIEKCHOM MOAX0Ae K Bonpocy. Mpexae
BCEro 370 KacaeTca MCCe[0BaHUA CUCTEMbl OCBELLEHUA KaK 00beKTa ynpasne-
HMS1 1 BbIPAOOTKM TPebOBaHWIA, KOTOPbIM A0/MKHa oTBeYaTb CO, 4To6bI 3thdheKT
OT ynpaBneHus et 6blN1 MaKCUMa/IbHbIM.

Llenb paboTbl — aHann3 Kputepres oueHKK aththekTmBHocT CO ¢ CAYO,
pa3paboTka MeTOAMKM MHXXEHEPHOr 0 pacyeTta 3ah(hekTUBHOCTM Komnekca EO —
CO - CAYO u onpegeneHne nyTein onTummnsauymmn napametpos CO gnsa foctu-
XKEHVS MaKCUMabHOW 3((EKTUBHOCTM C y4eTOM YNOMSAHYTbLIX (PAKTOPOB.

OueHka athdekTBHOCTM CO ¢ CAYO 1 BbiSIBNEHME NYyTeNR MOBbILLEHWS 3(-
(heKTUBHOCTY TECHO CBA3aHbI MPeXze BCero ¢ BbIGOPOM KpUtepus, no KOTopomy
OLeHMBaeTca 3MEKTUBHOCTL. [0 HACTOALLEro BpemMeHU 3(deKTMBHOCTL Npu-
MeHeHus ynpasneHus B CO oueHnBanach Mo rofoBovi 3KOHOMUM 3N1EKTPO3HEP-
rmn (33) [4]: AW =W - W', rge W — rofjoBoe Konm4ecTso 33, noTpebreHHoe
CO 6e3 ynpasneHus, KBT-u/rog; W' — rogoBoe Konnyectso 939, noTpebieHHoe
TOI Xe CO ¢ gaHHoii CAYO, KBT-u/rog.
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OfHako Takas OLeHKa 3(hPeKTUBHOCTU HeAOCTaTOUHaA MO CNedytoLWwyM npu-
ymMHaMm. Bo-nepBbix, rofosas akKoHoOMusA 33 npu mucnonb3osaHun CAYO 3aBu-
CUT OT MHOXecTBa (DaKTOPOB, He OTHOCALLMXCH HEMOCPeACTBEHHO K CaMoi
CAYO (Hanpumep, Hopmupyemas OCBELLEHHOCTb, OCOOGEHHOCTM CBETOBOIO
KiMMaTa MeCTHOCTM, XapaKTepUCTUKN NOMELLEHMA U T. N.), MO3TOMY OfHa U Ta
xe CAYO 6yaeT MeTb pas/iMyHyto 3PMEKTUBHOCTL MPU PasINYHbLIX YCIOBUSAX.
Bo-BTOpbIX, Takasd OLEeHKa He ABNAETCH OLHO3HAYHOM, TaK KakK He fCHO, Kakow
MaKCUMa/bHbIV 3heKT BOSMOXKEH NPU [aHHbIX YCNOBUAX U LOCTUTHYT /N OH.
B-TpeTbux, Takol KpUTEpWiA He yuuTbiBaeT BCeX 0cobeHHocTeld CO (kpome
mowyHocTn NC) Kak 06bekTa ynpasneHus. Takum 06pasom, He CHO, Kakoi
(hakTOp M B KakoW CTeneHW OKasblBaeT BAMAHME Ha athdekTmBHOCTL CO C
CAYO, a Takxe, Kakvie UMetoTCH BO3MOXXHOCTY MOBbILLEHWS 3TOW 3(hdeKTUBHO-
ctn. CO npm3BaHa co3aBaTb CBETOBOM NMOTOK M 3KOHOMUYHO €ro nepepacnpe-
[Jenatb B 3aBMcMMocT OT ypoBHA EO. Otmetum, yto npumeHeHne CAYO
Harpas/IeHO He Ha 3KOHOMMIO O3 KaK TakOBYIO, a Ha YBEe/IMYEeHNEe NPON3BeSeH-
HOW M [OCTaBNEHHON Ha Paboyyto NOBEPXHOCTb CBETOBOW 3HEPrUM (NIM-4) Mpu
CHUXKe-

HUW 3Heprosartpar. 1o 3TuM coobpaxkeHNsM Npu oueHke addekTmeHocT CO C
CAYO HeobxoaumMo yunTbIBaTb OTMEYEHHbIE (hakTopbl [2].

B CO, noctpoeHHbIX Ha CI NocTosHHON MowHOCTK (T. e. 6e3 CAYO), 3Ha-
UMTENbHYIO YacTb BpemeHu paboTbl NIC dakTnyeckas OCBELLEHHOCTb MOXET
npesbILLaTb Hopmypyemyto. MNMpumeHeHe CAYO, cnoco6HbIX U3MEHATL CBETO-
BOW NOTOK B OCTATOYHO LUMPOKMX Npefenax, Npru3saHo NoaLepXunBaTb YPOBHU
(haKTUYECKOM OCBELLEHHOCTU Ha paboumx MecTax, 6/mM3Kne K HOPMUPOBAHHbLIM
3HaYeHNAM B TeYeHWe BCero cpoka cnyx6bl VIC. Takum 06pa3omM, B KayecTse
KpuTtepus addekTreHocTM CO ¢ CAYO MOXHO UCNOMb30BaTh Takue nokasaTe-
N, KaK NpeBblLLeHne (PaKTUYECKMX NapaMeTpoB OCBELLEHWNS Haj HOPMUPYEMOiA
BENIMYNHONA.

PaccMOTPUM NOKa OfUH, HO Ba&XHbIW NapamMeTp OCBELLEHWS — FOPU30HTaSTb-
HYI0 OCBeLLeHHOCTb paboyeil mosepxHocTM. CAYO pfomkHa paboTatb, BO-
nepBbIX, TaKMM 06pa3oM, YTOObl CyMMapHasa ropu3oHTa/IbHas OCBELLEHHOCTb B
No60I ToUKe NOMeLLLEHW Oblna He MeHbLLe HOPMUPYEMOA:

EZ(X) = EI/IO(X) + Eeo(x) 2 En ) (1)

roe E, (X) — NoKanbHas oCBeLLEHHOCTb, co3faBaemas O no paspesy nomeLe-
HUS; E, (X) — NOKasbHas OCBELLEHHOCTb, co3gaBaemast EO no paspesy nomete-
HMs; Es(X) — CyMMapHas OCBeLLEHHOCTb B TOUKE X; X — PacCTOsiHMe OT CBETO-

npoema; E, — Hopmu1pyemas ropu3oHTa/IbHas OCBELLEHHOCTb.

Bo-BTopbIX, CAYO [0/mKHa MUHUMU3MPOBATL pasHOCTb Es(X)—E, (npu
Nto6boM X), YTO 06ecrneynT MUHUMATLHO BO3MOXHOE 3HepronotpebnieHve. Mo
3TUM COOBOPaXEHWNAM MPEBbILLEHNE TOPU3OHTA/ILHOM OCBELLEHHOCTU Haf Hop-
Mupyemon (T. e. Es(X) — E,) MOXeT 6biTb 1CMOML30BAHO [/ OLIEHKU 3(eK-
TBHOCTM CO C aBTOMATUYECKMM YNpPaBieHneMm.

MpeBblLLEHNE rOPU30OHTa/IbHOV OCBELLLEHHOCTW Haz, HOPMUPYEMOIA Mo paspe-
3y nomeLleHns 6yaem OnpeaensiTb BENMUMHON KoahdhuLmeHTa n3bbiTka K

L
K = j (Ex(X) — E,)dx, )
0
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rae L — rny6mHa nomeLleHms.

OnpegeneHHbIA Takum 06pa3oM KO3((hULMEHT 130bITKa caM Nno cebe MoXeT
XapakTepn3oBaTb 3ekTMBHOCT CO BO BCEM MOMELLEHWUWN, HO TOMbKO Mpw
YCNoBUW, ecnn Eg(X) < E, npn no6om x. B obLem crnyyae KOIPPUUNEHT n3-
ObITKa MOXXHO ONpeaennTh Kak

K = j E,,()dx + j (Ex(x) — E,)dx, ©)
0

X

roe E,(x) > E, npn xe[0, x] v E(X) <E, npn x e (%, L]. Mo cywiectsy (3)
03HayaeT, 4YTo B TOM 30He nomelleHus (0T 0 4o Xy), rae EO nonHocTbio obecne-
YMBaeT HOPMUPYEMYIO TOPU30OHTA/IbHYIO OCBELLEHHOCTb, NH060e AOMONHUTE b-
Hoe VO 6yaeT n3bbITOYHLIM 1 AO/MKHO ObITb 0TKOYeHO CAYO. MNoaToMy nep-
BOe cnaraemoe B (3) xapakTepu3yeT CNOCOOHOCTb CHWXKaTb YpoBeHb VO B aTOW
30He, & BTOPOE — MIMEET TOT Xe CMbIC/, 4TO U B (2).

Takum o6pa3oM, Ana pacyeta KoapguumeHTa 1M3bbiTKa cornacHo (3) Heob-
XOAMMO 3HaTb pacrnpegeneHne ropu3oHTaIbHOM OCBELLEHHOCTU Ego(X) M Eyo(X)
no paboyein NOBEPXHOCTH.

OcHoBbIBasiCb Ha pesy/nbTaTax WM3MepeHus Ko3ah(puumeHTa eCcTeCTBEHHOM
ocsellleHHocTH (KEQ) B pa3niuHbIX TOYKax MOMELLEHMS 1 UCMOMb3ys ABYyXna-
pameTpuyeckyto annpokcumaumio pacnpegeneHnsa KEO, MOXHO MpefiioXuTb
CNeflytoLMin 3aKOH pacnpefeneHns ropnsoHTasbHON ocseleHHocTn EO, co-
3[laHHOr0 CBETOMNPOEMOM, MO pa3pe3y NoMeLLeHns

Eeo(x) = Emaxe_BX | (4)

rae Emax — OCBELLEHHOCTb, co3faBaemas EO B6nu3m ceetonpoema (x = 0). MNa-
paMeTp B onpesenseTcs CBETOBOW aKTUBHOCTLIO MOMELLEHUS, Y HA OCHOBaHWM
N3MEPEHNI TOPU30OHTA/IbHOM OCBELLLEHHOCTU paboyeil NoBepXHOCTU B ODUCHOM
nomelleHnn nonyyeHo B = 0,8959. ITa BennuMHa NPUHATA ANSA AabHEALLINX
pacyeToB.

[ns 3aaaHna ropusoHTaIbHON OCBELLEHHOCTHU, Co3faBaemoii cuctemont MO,
Oygem nonaratb, 4To rnomelleHne oceewjaetca CI1, xapakTepusyroLwyMUCs
onpegeneHHon kpueoii cunbl ceeta (KCC). Mpu pacyeTax UCMosb3yeM CrefytoLye
cTaHgapTHble TUMbl KCC: KocuHycHaa — |, = 1,cosa ; cuHycHas — 1, = I Sina ;

cosa
% cos(0sin"car) ’
roe lo — oceBas cuna cBeta, cosgaBaeMas VIC, o — yron B MepuaMOHaIbHOW
nnockoctn CI; C, m, n 1 6 — napameTpbl, ONpefenstoLLve YrioByk 3aBuUCU-
MOCTb.

CI annpoKcUMUpYeM TOYEYHbIM KPYT/IOCUMMETPUYHBLIM U3/TyyaTesieM, ro-

PU30HTA/IbHAA OCBELLEHHOCTb OT KOTOPOrO PACCUMTHIBAETCS Kak
I cos’a
E(OL) = aT ) (5)

rnyéokas — |, =1,cosma ; Wwmpokas n nonywmpokas — 1, =1

rae h — BbicoTa noggeca Cr1.
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[ns pacyeToB LenecoobpasHo B (5) NepenTn K NIMHENHOW KoopamuHaTte X, Ko-

X_
TOpasi CBA3aHa C Yr/I0M O COOTHOLUEHMEM tgoL = % rae Xo — KoopauHata

h

pacrnonoxeHus CI. Takum o6pasom

h
h? ’

cos® arctg(x_xo)
Emo(x) = IOR(X)

(6)

roe R(X) — 3aBMCMMOCTb OCBELLEHHOCTH, co3fasaemoli CI 0T KOOpAMHATbI X,
onpegensemasn Tunom KCC CI1.
Takum 06paszom, ¢ yyeTom (4) n (6) KoaththmumeHT n3bbiTKa OyaeT onpese-
NATLCA Kak
B -BL
e —e
K= IO(Emax)RL + EmaXT

rae 1yE,.) — 3aKOH M3MeHeHUs ly B 3aBUCUMOCTU OT Epay (aIrOPUTM ynpasne-
HKA);

—E(L-%), ()

L cos’® arctg( X B XO)
R = I R(X) 2 dx ;
0

X :%In% Npu Epax > Ex ¥ X, =0 Nput Eqpax < E.

B o6lieM cydyae, Korga yCTaHOBMIEHO HECKObKO CBETW/IBHWKOB B psidy,

N

BK/1ag OT MepBOro cnaraemoro B (7) crnefdyeTt onpeaenstb Kak Zloi(Emax)R,ﬂ_ :
i=1

rae i — Homep CI1; N — konmuyecTtso CI B pagy.

Kak BuaHo 13 (7), koaththmumeHT n3bbiTKa K 3aBUCUT OT Eqax Y NPY pasnny-
HbIX YpOBHsAX EO B nomeLleHnn 6yaeT UMETb pas/inyHble 3HaveHus (T. e. n3Me-
HATbLCA BO BpeMeHu). C yyeToM 3TOro Ans oueHKM apektneHocT CO BBeaeM
KOappuumMeHT 3ththeKTUBHOCTY (3HEPreTUYECKO) MO CBETOBOMY MOTOKY, KOTO-
PbIi MOXXHO OMpPeAenuTh Kak

Ki = I]‘ZKdEmaX 1 (8)

=]

roe K 3agaetca BblpaxxeHueM (7); E; n E; onpefenstoTcst 0CO6eHHOCTAMN CBe-
TOBOrO K/IMaTa MeCcTHOCTK, KoaghguumeHTom asToHOMHOCTU EO (KAEO), ce-
TOBOW aKTUBHOCTbIO CBETOMPOEMa, MapameTpaMu nometeHmns. Yem meHblue K;,
Tem athhekTrBHel CO.

B CO c CI nocTosHHO MoWwHOCTK oceBasi cuna ceeTta | CI He n3meHseT-
S BO BpeMeHMU (T. €. He 3aBUCUT OT Epy). Takum obpasom, us (7) cnepyer:

1-eft
K=I1,R + EmaxT— E.L npn Enx<Ey;
En - Ema><e7BL 1 Emax
K= IR+ =geC— B (L - 5In=g=) npn Enex>Er (9)
n
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Mpw otcyTcTBUM EO KO3 (IULMEHT 136bITKA MPUHUMAET MUHUMA/IbHOE 3Ha-
yeHre K., =1,R_ —E,L. C poctom ypoBHs EO 3HaueHne K Takoit CO byaeTt
yBenuumeatbca U, Korga EO MoHOCTLIO 06EeCneynT HOPMUPYEMYHO FOPU30H-
Ta/IbHYH0 OCBELLEHHOCTb B MOMELLIEHWM, OCTUTHET CBOEr0 MaKCUMa/IbHOrO 3Ha-
venuna K. = I,R v fanee ysenmumsarscs He 6yger.

3ameTiM, uTO BbipaxeHus (3), (7), (9) MMetoT cMbICA NPU Enay € [0, Enefn
COOTBETCTBEHHO Npu X, € [0, L].

MpumeHeHe CAYO HanpaB/eHO Ha CHVDKEHWE (MW HefoNyLleHne pocTa)
KoappuumeHTa n30bbITKa C yBenMyYeHneM ypoBHs EO B nomeLleHun, npuyem
korga EO nmonHocTbio 06ecneynT HOPMUPYEMYHO TOPU3OHTASIbHYHO OCBELLEH-
HOCTb B nometleHnn Bce VIC B pagy oTkmtouatca n K = 0. MoaTomy BenmumHa
K, CO ¢ CAYO 6ygaeT MeHblue (3(hpeKTMBHOCTL BbiLe), yem ang CO ¢ CIl

MOCTOSIHHOW MoLLHOCTYM (puc. 1).

...*ﬁ‘

L s R J o
A e R e e e o

ﬂ.‘.","i‘.‘..."L‘.‘p1‘..'1'1."‘1."i‘.‘i‘a‘s&'x“s‘aﬁh“‘."‘s‘h LRI,

B e e e e
A R R

L
i

=N Enel}L Emax

Puc. 1. 3aBncumocTb KoaththmumeHTa n3bbiTka K oT ypoBHA EO: nnowaas nog nyHKTUPHOR Kpu-
Boil — K; CO ¢ CAYO; nnoulafb MeXay KpUBbIMUA — 3HEPTeTUHECKMNIA BbIMIPbILL OT NPUMEHEHUS
CAYO; —— - CO c CIT nocTosHHOIA MoLHoCTH; ——— — CO ¢ CAYO

Anroputm paboTel CAYO [0/MKEH CTPOUTLCA TakMM 06pa3oM, 4Tobbl Mu-
HuMM3MpoBaTh Ki. B mngeasbHoM cnyyae K; Takoin CO paBHO HY/0 U MOXHO
rOBOPUTb O TOM, YTO [AOCTUIHYT MaKCUMa/IbHbIA BbIMIPbIW OT MPUMEHEHUS
CAYO, T. e. LOCTUTHYTO MUHMMa/IbHO BO3MOXHOE (4151 faHHoi CO) aHeprono-
TpebneHne npu obecrneyeHM HOPMUPYEMOIN FOPU3OHTa/IbHOW OCBELLEHHOCTM.
B0O3MOXKHOCTb JOCTMXKEHUA MaKCUMA/IbHOMO BbIUFPbILLa OT npumeHeHns CAYO
1 noBblweHuns agdektTnsHoctn CO ¢ CAYO B LIENOM 3aBUCUT OT 0COGEHHOCTEN
He Tonbko CAYO, Ho 1 CO Kak 06beKTa ynpaBneHus (T. €. 0T «ynpaB/semo-
cT» CO), 1 BaXKHbIM (haKTOPOM, BAUAIOLWMUM Ha «ynpaBnseMocTb» CO, aBnseT-
CA CO3/laBaeMOe et0 CBeTopacnpeeneHue.

BnunsaHne KCC CIM Ha KayeCTBO CBETOLBETOBON Cpefbl OCO3HAHO AaBHO.
Tak, 5enOMO BbINYCKaeT CBETU/BHUKM C U3MEHAIOWMMCS YIIOM MEXAy Nam-
nammn 1 n3MeHsIoLLencs BoicoToi nogseca Crl, 4to 1 nossonset MeHATb KCC.
Ha ocHoBe Npef/I0KeHHON METOAMKMN pacyeTa pacCMOTPUM BOMPOC O B/IMSIHWK
KCC CIN Ha apektmBHOCTb CO ¢ CAYO. C 3T0ii Lenblo paspaboTaHa npo-
rpaMma pacyeTa BBEAEHHbIX MapaMeTpoB aPPeKkTMBHOCTH Ana IBM. lMporpam-
Ma NO3BOMSAET MPOU3BOLMTL pPacyeTbl B COOTBETCTBUN C BblpaxxeHuamu (3), (4),
(6), (8) mna nomMeLLEeHWNIA pa3NNUHON rNy6MHbI (C GOKOBLIM PacnooXKeHNeM CBe-
TOnpoema), ¢ pasIM4Hoi BbicoTol nogseca CI1, nx konmuectsom, Tunom KCC u
AN pa3nnyHbIX ypoBHeli EO. PacyeT ropnsoHTasIbHON OCBELLEHHOCTM MPOou3-
BoAunca B 0. e. (Npu atom E, = 1). Mpegnonaranocs, 4to VC Bo Bcex CIT ume-
0T OMHAKOBbIE MOLLHOCTbL U cBeTooTAady. Pabota CAYO B nporpaMme peanu-
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3yeTcs CrefylowmM 06pa3oM: OnpefenseTcd HeKoTopas TOYKa MOMeLLEHNS
Xmin » B KOTOPOWA CyMMapHas 0CBELLEHHOCTb Es MMEeT MUHUMa/IbHOE 3HaUEHNe,
ans kaxgoro CI onpegensetca NpuopuTeT ynpasreHns (T. . nocnefosare/b-
HOCTb, B KoTOpoit CAYO 6yget ynpasnsts lo Toro uam uHoro CI1), npyu aTom
npuoputeTHbIM cumntaeTcs CI1, n3ameHeHue lo KOTOPOro oKasblBaeT HaMMEHbLLIee

BNNAHME Ha Es(X,,) ; YMeHbLUaeTcs lo Kaxgoro CI B COOTBETCTBUM C BblGpaH-
HbIMV MpuopuUTETaMM A0 Tex Mop, Moka BbIMOMHseTCa ycnosue Eg(x) > E, npm

BCEX X.

Heob6xoAMMO OTMeTWUTb, YTO Ha [JaHHOM 3Tarne pacCMOTpeHa MpocTeiiLlasn
OiHOMEpHas MOJefNb, OfHAKO Nepexof K MoAenn 60/bLUeit pa3MepHOCTU MPUH-
LMMnanbHbIX TPYAHOCTEW He CO3LaeT, HO YCMOXHAET pacyer.

B Tabn. 1, 2, puc. 2, 3 npeAcTas/ieHbl pesynbTaTbl MOLENNPOBAHUA PaboTbl
CO ¢ CAYO B pamkax npeanoxeHHoi mogenu ans CI1 ¢ pasnmyHbiMun KCC.
Pe3ynbTaTbl pacyeTa NpuBeAeHbl 418 MOMeLLeHUs TyBuHOR 6 M ¢ Tpems paja-
mu CrI1, pacrnonoXXeHHbIMWU paBHOMEPHO MO pa3pesy; lomax — OCEBasA CU/a CBETA
NC npun Emax = 0 (HOYBIO), MUHUMA/ILHO BO3MOXKHasA A/11 06ecrneyeHns Hopmu-
PYEMOIA rOpU30HTaNIbHON OCBELLEHHOCTY Npy AaHHbIX Tnax KCC CI; I, — oce-
Bas cuna ceeta MIC nocne cpabatbiBaHs CAYO; Epax/En — OTHOLLEHME YPOBHS
EO y cBeTonpoema K HOpMMpyeMol 0CBeLLeHHOCTU. M3 Tabn. 1 BUAHO, 4TO 04-
Ha 1 T1a e CAYO npu ofamHakoBoMm yposHe EO no-pasHomMmy ynpasnset lg
(a 3HauuT, 1 ceeToBbIM NOoToOKOM) NC B CI1 ¢ pasnuuHbiMn KCC. Tak, gns wm-
POKO M nonywmpokoin KCC BO3MOXHaA NWLIb He3HaYMTe/IbHas PerynmpoBKa
lo nepsoro paga CI Bo Bcem npeAcTasfieHHOM funanasoHe n3meHeHus EO B no-
MelLLeHuKW, B TO Bpems Kak anis CI, Hanpumep ¢ KombuHuposaHHoi KCC, BO3-
MOXHO 60nee rnybokoe ynpasneHue .

Tabnmua 1
PesynbTaTbl pacyeTa agheKTMBHOCTU paboTbl CAYO npu nopsigHoM ynpasneHun CIl
Emax/En 1,0 2,0 3,0 4,0 5,0
Tun |0/|0max IO“Omax IO“Omax IO“Omax |0/|0max
kce= | Cmcnicnicnjcnicn| cn [cnjcnicn | cn cnjcnjcn|cn
1123 1 2 3 1 2 3 1 2 3 1 2 3
K 0951 | 1 ]090| 1 1108 | 1 1108] 1 1 10,75| 1 1
C 1 110,74 1 1 (062 1 1 (061 1 1 ]06]| 1 11|06
r 0031 |1 | 0085 1 0 |08 1| 0 |079 1 0 (0,76| 1
L 0971 | 1 1095 1 11093 1 11091 1 11089 1 1
n 09| 1| 1 /093 1 0,9 1 11087 1 11084 1 1
Kom (0241 | 1 |01 1 0 (087, 1| 0 |085 1 0 (082 1

“K — KkocuHycHas, C — cuHycHas, [ — ray6okas, LU — wmpokas, I — nonylumpokas, Kom —
KombuHmposaHHas (CM1 - K, CM2 - C, Cr3 - ).

Tabnuua 2
PesynbTaThbl pacueTa 0THOCUTENbHOM aththekTBHOCTM CO ¢ CAYO
ana pas3nmyHbix KCC CrIl
Tun KCC” K C r L n Kom
KilKi max 1 0,35 0,87 0,59 0,6 0,26
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“K — KocuHycHas, C — cuHycHas, [ — ray6okas, LU — wupokas, I — nonylumpokas, Kom —
KombuHmposaHHas (CM1 - K, CM2 - C, Cr3 - ).

Pe3ynbTaThl pacieToB KO3(h(hULMeHTa 3PeKTUBHOCTIN (3HEPTeTUYECKOI1) NO
CBETOBOMY MOTOKY K; npeAcTaBneHbl B Tabn. 2 (pacyeTbl NPOU3BOAUINCHL ANA
E; = 0; E, = 5E,), rae Kimax — Hanbonbluee 3HadeHne K; cpeam Bcex npegcras-
NeHHbIX BapnaHToB CO. Ha3oBem OTHOLWEHME Ki/Kinax OTHOCUTENBHOW 3(dek-
TnBHOCTHIO CO. B faHHOM cnyyae Hambonee apheKTVBHA, KaK 1 0XMAANO0Ch,
6ynet CO ¢ CI'l KOMOGMHMPOBaAHHOIO TUMA.

Kl 3
08+
06 1
5 6 4
" d —
0127 ----l- ---'------------- -----
-------- =
0
0 05 1 15 2 3 4 EnadEn 5

Puc. 2. 3aBCUMOCTb KO3MLMEHTA M36bITKA OT COOTHOLLIEHUS Ema/E, gt CO ¢ CIM nocTosiH-
HOW MoLYHOCTK ¢ pasnnyHbiMn KCC: 1-K;2-C;3-T;4-LW;5-11; 6 — Kom

04 A = — :
' WA o ) [ ST 1
0,2 1 s rrrr'-,i{---.—---él L LT LK. Ltaketu =

0 |
0 0,5 1 15 2 3 4 EnlEn 5

Puc. 3. 3aBUCUMOCTb KO3(PMMLIMEHTA N30bITKA OT COOTHOLLEHMUSA E . /E, ana CO ¢ CAYO
¢ pa3muHbiMM KCC CM: 1-K;2-C;3-T;4-LW;5-11; 6 — Kom

Ha puc. 2 npefcTaBneHbl rpagnkn nsmeHeHns KoshmumeHTa m3bdbiTka K
NpyY U3MEHEHUWN COOTHOLLEHUSA Enq/E, ans CO ¢ CIM NOCTOAHHON MOLLHOCTY C
pas3muHbiM KCC. B gaHHOM cny4ae npeanoyTuTensHee ucnonb3osats CIT ¢
cnHycHoin KCC. 911 xe 3aBMcnMocTH, Ho ansg CO ¢ aBTOMaTUYECKUM yrpase-
HVeM, NpeacTaB/eHbl Ha puc. 3. B 3TOM cfyyae, Kak BUAHO M3 rpaduKos, Le-
necoobpasHo npumeHeHne CI1 ¢ kombuHupoBaHHoOM KCC, opgHako npwu
Emax < 0,5E, npegnoutuTenbHee ncnonb3osats CI ¢ cuHycHoit KCC. B o6Lwem
C/lyyYae MOXHO CKasaTb, YTO /11 faHHOro YpoBHA EO B noMeLleHun cyLecTBy-
eT Hanbosee onTUManbHOE A/15 ynpasieHns (C TOYKK 3peHns MuHuMmyma K) co-
yetaHue Tunos KCC CI1 B paay.

Takvim 06pa3oM, OCHOBbIBAACH Ha Pe3y/ibTaTax pacyeTa MOXHO YTBepXaaTh, UTO:

e NPN paccMoTpeHnn pasnnyHbix CO, ynpasnsembiX 04MHAKOBbIM 06pasoMm,
3PeKTUBHOCTb OCBELLEHMS KOMeONeTCA B LUIMPOKMX Npesenax;

« CO, nocTpoeHHble Ha 0CHOBe felicTytoLwmx CHUlM (paBHOMEPHOe 1 CUM-
MeTpu4yHoe pacnonoxexnne CI1, npumeHeHne VIC NOBbILUIEHHON MOLLHOCTU W,
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cnenoBaTenlbHO, C BbICOKOM CBETOOTAaYel, ucnonb3oBaHve WVIC oanHaKoBoOW
MOLLHOCTM M OAMHAKOBbIX TWUMOB), SBMAIOTCA JANEKO HE ONTUMa/IbHBIMMK C TOY-
KW 3peHMS YNPaB/SeMOCTN OCBELLEHWEM C Lie/Iblo 3HEProchepeXxeHns;

o NPV U3MEHEHNM YPOBHEe EO B LUMPOKMX Npeaenax He yaaeTcs onTUMU3n-

poBaTb CO 6e3 ynpasneHnsa KCC CIM nopsgHo.
BblBO/AbI

1. OcobeHHOCTN CO CyLeCcTBEHHO BANAKOT Ha 3(P(EKTUBHOCTb YMpaBieHuns
et0, No3ToMy HeobXoAuMa COBMeCTHas paspaboTka noacuctem EO, MO u
CAYO.

2. Heobxopmma paspaboTka LMpokori HomeHknatypbl CI ¢ ynpasnsiemMoi
KCC.

3. AKkTyasibHa npobnema ynpasneHvem EO B moMeLLeHNsX.
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